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ABSTRACT 
 
 
 
 
Flood variables are generally random in nature and mutually correlated, consist of 
peak flow, flood duration and flood volume. Flood frequency analysis defines the 
severity of a flood event by finding out their mutual dependence structure of flood 
variables. Copula is presented for flood frequency analysis through this study. 
Copula is a bivariate statistical method for constructing dependency structure and 
joint probabilistic distribution. Copula relaxes the restriction of traditional flood 
frequency analysis by selecting marginal from different families of probability 
distribution functions for flood variables. Thus, the trivariate copula function is 
developed in order to assess flood frequency. The analysis used 34 years hourly 
discharge data from year 1965 until year 2010 from Johor river basin from which the 
annual maximum were derived. On evaluation of various probability distributions for 
representation of flood variables, it is found that the peak flow can be fitted as 
Generalized Pareto (GP) distribution while flood duration and flood volume are well 
represented as Generalized Extreme Value (GEV). The joint distribution is modeled 
using five trivariate copulas namely Clayton, Gumbel, Frank, Gaussian and Student-t 
copulas. Based on the performance measure and simulation, it is found that Clayton 
copula is the best copula to represent the trivariate dependency structure of flood 
properties as compared to copulas. The obtained copula based joint distributions are 
used to calculate the return period of flood risks. The study concludes that the 
trivariate copula based methodology is a suitable choice for effective risk assessment 
of flood frequency analysis as it is able to consider the entire characteristics of flood 
variables.  
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ABSTRAK 
 
 
 
 
Pembolehubah banjir umumnya rawak dalam alam semula jadi dan saling berkait 
rapat, terdiri daripada aliran puncak, tempoh banjir dan jumlah banjir. Analisis 
frekuensi banjir mentakrifkan tahap peristiwa banjir berdasarkan pembolehubah 
banjir, dengan mengetahui struktur pergantungan antara mereka. Dalam kajian ini, 
copula digunakan untuk menganalisis frekuensi banjir. Copula adalah kaedah 
statistik dwi-pembolehubah bagi membina struktur pergantungan dan taburan 
kebarangkalian bersama. Copula melonggarkan kekangan terhadap analisis frekuensi 
banjir tradisional dengan memilih marginal dari keluarga yang berbeza fungsi 
taburan kebarangkalian untuk pembolehubah banjir. Oleh itu, fungsi tiga 
pembolehubah copula dibangunkan untuk menilai kekerapan banjir. Kajian 
menggunakan 34 tahun data pelepasan setiap jam dari tahun 1965 sehingga tahun 
2010 daripada lembangan sungai Johor di mana maksimum tahunan diperoleh. 
Penilaian ke atas pelbagai taburan kebarangkalian untuk setiap pembolehubah banjir 
ditentukan, didapati bahawa aliran puncak boleh disesuaikan sebagai taburan jenis 
Pareto Teritlak (GP) manakala tempoh banjir dan jumlah banjir diwakilkan dengan 
baik sebagai taburan Nilai Ekstrim Teritlak (GEV). Pengabungan bersama taburan 
dimodelkan menggunakan lima jenis tiga pembolehubah copula iaitu copula Clayton, 
Gumbel, Frank, Gaussian dan Pelajar-t. Berdasarkan ukuran prestasi dan simulasi, 
didapati bahawa copula Clayton adalah copula terbaik untuk mewakili struktur tiga 
pembolehubah banjir berbanding dengan jenis copula yang lain. Copula yang 
diperolehi berdasarkan camtunan taburan digunakan untuk mengira tempoh pulangan 
risiko banjir. Kajian ini menyimpulkan bahawa metodologi tiga pembolehubah 
copula merupakan pilihan yang sesuai untuk penilaian risiko yang berkesan bagi 
analisis frekuensi banjir kerana ia dapat mempertimbangkan ciri-ciri pembolehubah 
banjir secara keseluruhan. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of Study 
Flooding hazard contributes the greatest economic impact on society among 
natural risks. It is a natural disaster which impacts to the environment, economics 
and social sector globally. Flood frequency analysis is one of the most important and 
widely studied technique in the fields of hydrology and water resources in order to 
predict the occurrence frequency of extreme flood events (Reddy and Gangguli 
2012a; 2012b). Many hydrological models have been used in order to predict floods, 
(Zhang, 2005; Razi et al., 2010; Goodarzi et al., 2013). At the drainage basin scale, 
judgement of flood risk is important for the planning of water infrastructure projects. 
In the designs of hydraulic structure (e.g., dam spillways, diversion canals, dikes and 
river channels), urban drainage systems, cross drainage structures (e.g., culverts and 
bridges), reservoir management, and flood hazard mapping, risk analysis of floods is 
critical as design criteria. As such, more effective flood risk assessment method is 
important due to limited hydrological data and uncertainties involved. 
In general, flood is defined as inundation that caused by rivers overflowing 
their banks on account of heavy rainfall and also caused by a large concentration of 
runoffs. Flood is generally categorized with respect to mutually dependent random 
variables such as peak flow, flood duration and flood volume. 
Many researchs have been established to implement conventional univariate 
on flood variables by Cunnane (1987), Linsley (1986), Zhang (2005), and Goodarzi 
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et al. (2013). Multivariate flood frequency analysis has been conducted by Singh and 
Singh (1991) and Yue et al. (2001). According to Zhang and Singh (2006), both 
conventional univariate and multivariate techniques require restrictive assumption 
that suppose all variables are independent. However, the variables are actually 
interrelated in reality. Thus, this study aims to adapt multivariate statistical model in 
flood analysis by using a statistical method called Copula to construct the 
dependency structure and joint probabilistic distributions. 
The great performance of copula has been performed by Favre et al. (2004) 
and also De Michele et al. (2007). Copula can be applied even for complex marginal 
distributions like a finite mixture, (Titterringtone et al., 1985). This means that by 
using Copula, the multivariate joint cumulative distribution function can be described 
incomprehensively where the dependency structure of variables in which univariate 
marginal properties can be analysed separately. 
Bivariate analysis using Copula function in flood risk assessment have been 
studied by Salvadori and De Michele (2004), Favre et al. (2004), Grimaldi and 
Serinaldi (2006), Zhang and Singh (2007), Salvadori et al. (2011), Chowdhary et al. 
(2011), and Goodarzi (2014). The application of bivariate copula in flood modelling 
is recognized as a useful method to reveal the significant relationship between the 
flood characteristics (Favre et al., 2004; Grimaldi and Serinaldi, 2006; Zhang and 
Singh, 2006). However, bivariate copulas are only able to model the dependent 
variable between two flood variables. In reality all the three flood variables are 
mutually correlated. Thus, a more complete analysis is possible by considering all 
the mutually correlated flood properties and then modelling them by using trivariate 
copulas function.  
This thesis aims to develop a trivariate Copula function for flood frequency 
analysis in order to concede a joint probability distribution model regarding to 
specified univariate marginal distributions. This can be attained by carrying out the 
bivariate analysis that undergoes two stages. First stage is to analyse the bivariate 
copula pair for the first and second variables and for second stage is to rerun the 
bivariate copula pair of the paired variables with the other third variable.  
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1.2 Problem Statement 
The inspirations to carry on this study arise from the need to have a better 
flood occurrence modelling. Previous study has worked on modelling the bivariate 
Copula in flood frequency analysis. However, there were some limitations in 
bivariate case where it only considered two flood variables and made assumption on 
the third variable. Thus, the third variable can be arbitrary. More accurate or better 
modelling can be conducted by considering all the three variables in formulating the 
flood frequency analysis. The three variables of flood variables consist of peak flow, 
flood duration and flood volume. 
1.3 Objectives of the Study 
 The objectives are: 
1. To find the best fitted bivariate copula model of flood variables by using 
simulation process before going into trivariate copula analysis. 
2. To develop a trivariate copula distribution in a flood frequency analysis based 
on the result obtained from the bivariate copula. 
3. To estimate the conditional probability, conditional return period and joint 
return periods based on the dependency of flood properties using the 
trivariate copula for future flood occurrence prediction. 
1.4 Scope of the Study 
 The focus of this research is to use Copula method for flood frequency 
analysis. The scopes of this study in details are as follows: 
1. The Sungai Johor watershed was chosen as the study area 
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2. The analysis used 34 years hourly discharge data which the annual maximum 
were derived starting at year 1965 and end at year 2010. 
3. For bivariate analysis, the determination of the dependency between all the 
possible pairs of flood variables which are peak flow-flood duration, peak 
flow-flood volume and flood duration-flood volume were determined by 
using Kendall’s tau. 
4. Simulations on the best fitted Copula distribution for bivariate case was 
determined by using Cramer von-mises method. 
5. Five copula distributions which are Clayton, Frank, Gumbel, Gaussian and t-
Copula were employed in trivariate analysis. 
6. Inversion of Kendall’s tau, Inversion of Spearman’s rho, Maximum 
Likelihood Approach and Inference Function of Margins were used for 
parameter estimation. 
7. The best fitted Copula distribution for this study was selected based on the 
Akaike Information Criterion (AIC) method. 
 
1.5 Significance of Study 
Flood is the most desolating natural disaster experienced in Malaysia. 
Malaysia has experienced the floods that lead to significant impacts to the 
environment, economics and social sector of the whole nation. Heavy rainfall and 
large concentration of runoffs are the causes of flooding in Malaysia. Due to that, 
various flood predicting and warning systems with sophisticated hydraulic and 
hydrological models have been operated to predict floods (Razi et al., 2010). 
Flood frequency analysis is crucial to forecast the probability of having the 
flood in the future and this present study manage to control flood, lessen the 
consequences of flood, advocate public on flood influence and plan for upcoming 
flood risks. Therefore, it is important to model the flood by using the flood properties 
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as it can model the correlation and dependency between the variables. Trivariate 
flood frequency analysis is much recommended because it can model the flood 
frequency which involves all the flood variables and can be done through the concept 
of distributions. The concept of Copula is still recent in Malaysia but it is manage to 
overcome the restriction of univariate models and serve a bigger choice for 
dependency function. This study will establish trivariate Copulas as an eligible 
choice for effective risk assessment of floods as trivariate Copulas are able to 
determine the measurement of each particular flood variable at once and consider the 
dependency between the flood variables at the same time. 
1.6 Organization of the Thesis 
This thesis begins with Chapter 1 where the discussion on the background 
and problem statement being discussed. Then, it is followed by highlighting on the 
objectives and also scope of the study and finally interpretation on the significant of 
the study. 
Next, followed by Chapter 2 where the literature review on flood frequency 
analysis and copula function development and its application in many fields are 
being discussed. The classical flood frequency analysis and advantages of Copula 
function are also highlighted in this chapter. 
In Chapter 3, the research methodology which describes about the steps to do 
in adding mathematical interpretation and simulation on bivariate Copula modelling 
and also steps in performing trivariate Copula modelling are being presented. 
Chapter 4 presents the results of analysis on mathematical interpretation and 
simulation added on the result of bivariate Copula analysis conducted by previous 
study. 
While in Chapter 5, the analysis of joint trivariate Copula distribution, 
conditional probability, conditional return period and joint return period are being 
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showed. The choice of the most fitted Copula distribution is also discussed in this 
chapter. 
Finally, Chapter 7 wraps up about the main objectives of this study with some 
suggestion and recommendation for upcoming study. 
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